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Abstract. This study has as main purpose the analysis of long-term precipitations 
variability in Turda. The analysis is based on the time series of climatic data from 
Turda weather station which covers a period of 56 years (1951-2006). The non-
parametric tests to determine temporal trends in climatic data sets are used. The 
evolution of the observed parameter was complemented by the analysis of the 
secular trend. Extreme precipitation events were identified using the Standardized 
Precipitation Index (SPI) computed for a period of 48 months. For each season of 
drought or wet events, the interval for the accumulation of the deficit or excess of 
precipitation was at least 4 years. The parametric analysis of long-term drought and 
wet events proves that the greatest part of the major and medium intensity events are 
associated with the same periods of pluvial deficit or excess. 

 
 

Introduction 
Present climatic changes are characterized by a specific evolution of each 

meteorological and climatic element. This article belongs to the general context 
and has as its main goal to study, at local scale, the evolution of precipitations. 
Thus long-term variability is identified in annual precipitations recorded in Turda 
Weather Stations belonging to the Romanian National Meteorological 
Administration Network.  
 

1. Data sources 
Statistical analyses are based on Turda Weather station monthly, seasonally 

and annual precipitations data set (table 1) for a period of 56 years (1951-2006). 
Even if the weather station has been working for more than 100 years, we 
considered only the data recorded after 1950 because of frequent changes in the 
location of the meteorological platform.  
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Tab. 1 - Geographical position of Turda Weather Station – Position géographique de la 
station météorologique de Turda 

(A)  
Weather station Height Latitude Longitude 

Turda 424 m 46°31’ N 23°05’ E 

 
2. Methods 
Precipitations data were processed using 48-month SPI method. Wet and dry 

events for the period 1961-2000 were identified according to McKee et al. (1993) 
(table 2).  

Technically, the SPI is the number of standard deviations that the observed value 
would deviate from the long-term mean, for a normally distributed random variable. 

Proposed in 1993 by three American researchers from Colorado State 
University, U.S.A., SPI is nowadays used worldwide because it is a very flexible 
index and explicitly express the fact that it is possible to simultaneously experience 
wet conditions on one or more time scales, and dry conditions at other time scales, 
often a difficult concept to convey in simple terms to decision-makers. 

The 48-months SPI compares the precipitations for that period with the same 
48-months period over the historical record. Otherwise, the computed value 
corresponding to a specific month takes into account precipitations amounts of the 
47 previous months also. This ensured the inertia of evolution for the SPI values 
against the short-term variations of the amount of precipitations (Edgard, 2007). 

 
Tab. 2 - Criteria for drought and wet events identification (after Mc. Kee et al., 1993)  

 
SPI values Feature 

+ 2.0 or above Extremely wet 
+1.99 ... +1.50 Very wet 
+1.49 ... +1.00 Moderately wet 
+0.99 ... -0.99 Near normal 
-1.00 ... -1.49 Moderately dry 
-1.50 ... -1.99 Very dry 
-2.0 or below Extremely dry 

 
The method proposed by McKee et al. (1993) has the advantage of ensuring 

the identification of quantitative parameters of the drought and wet events. A 
drought event is defined as a period in which the SPI is constantly negative and the 
SPI index is less than or equal to -1.0. A wet event implies a series of positive SPI 
values with a maximum intensity above +1.0. The parameters used for the 
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calculations are: the beginning, the end, the duration, the maximum intensity and 
the magnitude of the event.  

The duration of an event is calculated as the difference between the moment 
of its beginning and that of its ending.  

The magnitude of the event is the cumulative measure of the intensity of the 
sequences of pluvial deficit and excess and is defined as the sum of the SPI values 
that correspond to the sequences of negative or positive values: 
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where: 
- M – magnitude; 
- j – first month of the wet/dry event; 
- x – last month of the wet/dry event; 
- SPIi – SPI values of jx sequences calculated over a period of i months. 

Maximum intensity is considered the highest/lowest SPI values in the wet/dry 
event. 

The monthly average intensity was calculated as magnitude divided with the 
duration (in months) of each event. 

In order to identify the existence of possible trends in the temporal evolution 
of precipitations amounts, the monthly, seasonal and annual datasets were checked 
with statistical significance tests. Non-parametric trend tests were preferred, as they 
do not imply a pre-existing distribution of data sequences (e.g., a normal one). 
Thus, in order to determine the presence of significant monotonous trends (whether 
ascending or descending), the Mann-Kendall test was used. To approximate the 
moment of the beginning and of the end of a statistically significant trend and/or a 
climatic change, the Mann-Kendall sequential test was used (Mann, 1945, Kendall, 
1975). The statistical values of these tests make it possible to accept or to reject the 
null hypothesis I0 for different thresholds of statistical significance. The bilateral 
variant of the tests was used for the 95% significance threshold. 

Mann-Kendall tests usually are used in the environmental sciences because 
they are simple, robust and take into consideration the lacks of data and the values 
situated below the detection limit in the analyzed datasets. 

The distance-weighted least squares method was also used to identify trends 
in the datasets because the method fits a curve to the data by using the following 
procedure: a polynomial (second-order) regression is calculated for each value on 
the X variable scale to determine the corresponding Y value so that the influence of 
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the individual data points on the regression decreases with their distance from the 
particular X value. 
 

3. Results 
Processing precipitation data sets using 48-month SPI, for the interval 1961-

2000, five dry or wet events were identified (table 3)  
 

Tab. 3 - Parameters of wet and dry events using 48-months SPI method at Turda 
(1961-2000)  

 
Jx J x d Im M Il 

+ 1965 
VII 

1978 
V 154 2 157 +1.02 

- 1978 
VI 

1983 
IV 59 -1 29 -0.49 

- 1986 
V 

1997 
III 131 -2 129 -0.98 

+ 1997 
IV 

1998 
IX 18 1 13 +0.72 

- 2000 
VI 

2000 
XII 7 -1 7 -1.00 

Legend:  
 +: wet event; 
–: dry event; 
j: first month of the event;  
x: last month of the event;  
d: length of the event (months);  
Im: maximum intensity of SPI during the event;  
M: magnitude of the event; 
Il: monthly average intensity. 
  
 One can see that from the five events, three of them were dry events and 

two of them were wet events. In the same time, there are not big differences 
between dry and wet events considering the up-mentioned parameters of the 
events. Thus, the longest event was a wet one which began in 1965, July and ended 
in 1978, May with a total duration of 154 months (12 years and 10 months). The 
maximum intensity (+2.00) belongs to the same events, which has also the 
maximum average monthly intensity (+1.02) The next events, considering both 
length and maximum intensity is a dry one which began in 1986, May and ended in 
1997, March with a total of 131 months (10 years and 11 months) and a maximum 
intensity of -2.00. The average monthly intensity is much closed to the up-
mentioned wet events (-0.98). 
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Using Mann-Kendall test to identify trends resulted in establishing some 
statistical significance trends with a significance level of 0.01 for winter and for 
September while for February and December, computed trends are statistically 
significant at a significance level of 0.05 (table 4). Considering the values of the 
trends, the statistically significant trends are specific to months and seasons with 
low amounts of precipitations as multiannual regime. High values of those trends 
may have important consequences regarding the distribution of precipitations 
amounts during the year. For the others months, seasons and for the annual values, 
trends are statistically significant with a lower significance level, of 0.1. 
Consequently, they can not be considered statistically, generally considering that 
for the analyzed period there is no trend. 

For annual values of precipitations amounts interannual variations were 
determined using both lowest quarters and the distance-weighted least squares 
methods. The last mentioned method is that which emphasize better the annual 
values recorded in Turda Weather Station (fig. 1). 

 
Tab. 4 - Results of Mann-Kendall test with a significance level equal or greater than 0.1*, 

 
Month Trend 

value Season Trend 
value Annual Trend 

value 

I -1.13 Winter **-
3.10 Annual -0.23 

II *-2.44 Spring -0.15   
III 0.06 Summer 0.50   
IV 1.34 Autumn 0.45   
V -0.96     
VI 1.47     
VII 0.43     
VIII -0.38     
IX **2.60     
X -0.15     
XI -1.75     
XII *-2.03     

 
The marked values have the significance level as it follows: ** α = 0,01, * α = 0,05. 
Data source: processed data after ANM Archive 
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Fig. 1 - Trend of annual precipitations amounts identified by using lowest quarters and the 
distance-weighted least squares methods,  Turda (1950-2006)(the straight line in the chart is the 
linear trend calculated by using the lowest quarters method and the smooth line represents the 

polynomial trend calculated by using the distance-weighted least squares method)  
 

Conclusions 
The analysis of multiannual amounts of precipitations fallen at Turda 

Weather Station allowed to emphasize few main conclusions: 
 
a. using 48-month SPI method 5 wed or dry events were identified; 
b. for the most part of computed trends the level of significance is 0.1, level 

which is considered too low to be accepted as a real trend; 
c. statistically significant trends were identified only for winter and for 

September with a significance level of 0.01, and for February and December with a 
significance level of 0.05; 

d. generally, there is a balance during the year, both in monthly and seasonal 
values, between the negative and positive values of trends. 
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